This work provides an empirical assessment of the 'sophistication' of the Italian international specialization pattern and of its evolution during the period 1980−2000. In particular we discuss the Italian 'anomaly', i.e. the evidence that Italy displays a specialization pattern more similar to the one of emerging economies than to the one of countries of comparable level of per-capita income. We show that combining the information coming from a new index measuring the income/productivity content of traded goods, i.e. the PRODY in- We begin providing a detailed picture of the theoretical and empirical characteristics of the PRODY index. In particular we calculate the index for 1980, 1990 and 2000 mapping its dynamics through that period. Then we describe the characteristic and evolution of the Italian RCA using both parametric and non parametric techniques finding that the Italian pattern of specialization is particularly persistent. Finally, we describe the co-evolution of the PRODY and of the RCA indexes. Our analysis shows that in the last two decades, the world trade has been rapidly changing with Italy becoming increasingly more competitive and specialized in products that are characterized by decreasing income/productivity levels. Thus, while the Italian 'anomaly' was not a problem in the past, it may have become an obstacle to future growth.
Our paper is an attempt to answer this question. To do that, we structure the analysis into three steps. We begin by using the PRODY index as a mean to offer a detailed picture about how world trade has evolved in the last decades. Extending the work by Hausmann et al. (2005) , we analytically derive some dynamic properties of the index and compute its value for three years, 1980, 1990, and 2000 , over a sample of 90 countries and 777 traded products. The evidence we found seems to suggest that the entry of many low and mid developed countries into international trade has played a major role in producing the observed change occurred in the sectoral ranking of export 'sophistication' over the last twenty years. Then, as a second step, we turn to Italy and describe the characteristics and the evolution of its specialization pattern between 1980 and 2000. Though richer than previous ones in terms a finer level of sectoral disaggregation we are able to apply, the analyses confirm much of the existing evidence on Italy: persistently increasing and polarized specialization characterizes the period under consideration. Finally, in the third part of the paper, the findings about the evolution of the PRODY index are confronted with the evidence on Italy to attempt a quantitative assessment about the evolution of the 'sophistication' of the Italian specialization pattern. The result seems to suggest a precise answer to our question.
Indeed, whereas during the last two decades the emergence of new competitors and a vast worldwide redistribution of production have taken place at the world level, both causing significant changes in the relative gains associated to exporting different products, Italy has remained stuck to its original positioning. In addition, a strong decline is observed in the values of the PRODY index for many of the sectors where Italy has persistently been, and still is, highly specialized.
The evolution of world trade scenario seems therefore the very reason why the Italian anomaly, though it has not been a problem for a long time, yet contributing to a good performance in terms of growth, it is now starting to become a point of weakness and the time has come to worry about it.
The paper is organized as follows. In section 2 we present the PRODY index and we discuss some theoretical aspects concerning its dynamic properties. In section 3 we present a set of empirical exercises exploring the evolution of the index in the period 1980 − 2000. The analysis of the evolution of the Italian RCA in the same period period is then presented in section 4, while Section 5 combines the two sets of empirical results to evaluate the 'sophistication' of the Italian specialization pattern. Section 6 concludes and suggests some lines for further research.
2 Measuring the productivity content of traded goods: the
PRODY index
In this section we introduce the P RODY index and we analytically derive some of its dynamic properties. Recently proposed in Hausmann et al. (2005) , the index ranks each traded sector in terms of the income/productivity level of the countries that export in that specific sector.
Formally, it is defined as
where y i is real GDP per capita of the i-th (i = 1, 2, ..., N ) country exporting in sector l, and the weight
normalizes the Balassa index of Revealed Comparative Advantage (RCA) of the i-th country with respect to those of all the countries exporting in the same sector.
2 Given the definition, sectors with high values of PRODY are, by construction, those where high income countries play a major role with respect to the other participants in world exports in that sector. In other words, the index measures the degree of 'sophistication' of sectors (goods) with the level of development of the countries producing and exporting in that sector, under the implicit (and reasonable) assumption that the presence of high income/high wages countries is stronger where comparative advantage are determined by factors other than labor cost, such as know-how, technology or intrinsic quality. To the extent that such factors set the stage for non-perfectly competitive environments, high PRODY sectors end up being growth enhancing as they should ensure high profit margins to the countries particularly well positioned in their production and trade. Interpreting the dynamics of the index requires to understand how the index itself responds to changes in its two components, that is the extent of specialization (i.e. the RCA index) and per capita income of the countries exporting each particular product, and to changes in the number of countries involved, as determined by the processes of entry and exit in sectoral export markets 2 Recall that the Balassa-RCA index is defined as:
where X denotes the value of exports, l denotes the sector, i the country, t the year considered, while w indicates the world economy. The index gives a measure of how important (in terms of value) is sector l in country i's exports bundle with respect to the importance sector l has in total world exports. If the index is larger (less) than 1, country i is said to be specialized (de-specialized) in sector l.
3 On this interpretation see also Lall et al. (2006) . Proposition 1 The effect of a change in country k's extent of specialization in sector l on the PRODY index of the same sector intrinsically depends on its effect on the other's country extent of specialization in that sector. Indeed
Second, concerning the effect of changes in income levels of already exporting countries, the following holds.
Proposition 2 Ceteris paribus, an increase in the income of a country exporting in sector l increases the value of the PRODY index of the same sector proportionally to its share in world exports of that product. Indeed
which is always positive.
Finally, the way in which the entry of a new exporter in a particular sector affect the index crucially depends on the relative income levels of the countries involved. The following holds
Proposition 3 The probability of observing an inter-temporal increase of the index is higher the more developed the entrant country is, and the less developed the already exporting countries are.
Indeed, if A and B are already present in world trade of good l, while C is the new exporter, then
This latter result is particularly important because it will be useful when, in section 3, we will try to offer an explanation to what observed in the data. Proposition 3 also makes clear that, to avoid mis-measurement of the PRODY index, it is essential to gather data on the biggest possible number of countries and to keep all of them in the sample for the whole period considered. In the Appendix we describe the choices made in order to cope with these issues. We will return on these features below, when we will come back to the analysis of the changes occurred in the overall distribution. Before doing that, we look at average persistence over time.
In Table 2 we report the Spearman rank correlations estimated for the 10 and 20 years transition of the indexes. The values, all above 0.5 and all significant, tell us that a positive relationship is in place across time, though decreasing between the 80's and the 90's.
We further explore the issue in Table 3 where we show the result of a so-called Galtonian regression, which is a standard way to get a synthetic measure of cross-section inter-temporal 
where l is the sector index and t is the year, where the estimated coefficient β, captures what happens to the conditional average of the cross-sectoral distribution. The previous picture is substantially confirmed: there is a positive relationship over time, but weaker in the '90s than in the '80s. Moreover, the extent of such relationship is decreasing as we move from the 10 years to the 20 years transition. 
Distributional dynamics of the P RODY index
The limits of the previous analyses are known. Among the many, Quah (1996) and Durlaf and Quah (1999) discuss the issues related to the so called Galton-fallacy problem in the context of crosscountry growth regressions, and clarify the merits of focusing on a characterization of the entire distribution of a variable, and of its evolution over time. This is the route we take. shape, with a peak around 9.5, and long left tail, but the one estimated for 1980 is much more concentrated around the modal value. During the two subsequent decades the support spanned becomes wider and the height of the peak falls considerably, suggesting that a relevant part of the probability mass is shifting to the left: as time passes, the values of the indeces become more heterogeneous, and most of the sectors seems to experience a reduction in the degree of sophistication. Second, focussing on the behavior in the tails, one can conclude that the left shift observed in the most relevant part of the probability mass is accompained by a process of polarisation. Indeed, both the lower and the upper tail are heavier in 2000 than they were in 1980, meaning that the proportion of sectors displaying the lowest and biggest value of the index have both increased over time.
The discussion we exposed above concerning the dynamic properties of the PRODY index offer a way to interpret this picture. Proposition 3 suggests that a decrease in the value of PRODY l is much more likely to happen when low-medium income countries are entering the scene of world trade in sector l. The clearcut swing towards the left observed over time in a big 4 All the exercises performed in this work, when not else specified, used gbutils, a package of programs for parametric and non-parametric analysis which is distributed under the General Public License, and freely available at www.sssup.it/∼bottazzi/software. Kernel density estimations, in this section and in the followings are performed using Epanenchnikov kernel and setting the kernel bandwidth according to the "optimal routine" suggested in Silverman (1986) . is effective in capturing the potential contribution to aggregate growth stemming from exporting in each particular sector, the main message we draw is that it should not have been neutral whether one country's international specialization has evolved towards one direction or another.
This suggests that, in order to assess how 'good' the pattern of specialization of a country is, it could be instructive to compare the evolution of the PRODY index with that of the RCA. In the following we will apply this idea considering the Italian case.
The evolution of Italian comparative advantages
We describe the Italian specialization by means of the standard Balassa-RCA index. In parallel with the exercises run in the analysis of PRODY, we begin looking at the average picture computing rank correlations among 10 and 20 years transition, reported in Table 4 . As commonly This result is also confirmed by running a Galtonian regression of the form
where, as usual, l stands for the sector, while t and t + n indicate the initial and final year, respectively.
The results reported in Table 5 confirm a quite high level of persistence in the pattern of specialization. The value of the coefficients β are all positive, significant and rather high. Interestingly, the degree of persistence has increased over time. Indeed, although a process of regression to the mean is working over the entire period at stake, this seems occurring faster in the first ten years (β ≃ 0.62) than in the second decade (β ≃ 0.92). Null Hypothesis: nr. of modes = 1 (h(1)) and nr. of modes = 2 (h(2))
Distributional dynamics of the RCA index
We now move to describe the overall distributional dynamics of the Italian specialization pattern.
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We first estimate, for each year in the period 1980-2000, the kernel density of the sectoral RCA indexes. Since we observed a high degree of stability in the shape of the yearly distributions, in Comparing the three distributions, it seems that not much has happened during the period under consideration. Motivated by previous contributions focussing on the properties of Italian RCA, we also checked for the presence of bi-modality, which is confirmed by a formal test (Silverman 1981 (Silverman , 1983 ) reported in Table 6 . The presence of bi-modality indicates that the 
Measuring the 'sophistication' of the Italian specialization pattern
The description of the characteristics of the Italian specialization pattern given so far, even if accurate and interesting per se, does not provide any information about the 'sophistication' of the Italian international positioning. To fill this gap we perform two exercises exploiting the PRODY index. We first follow Hausmann et al. (2005) in computing an index, called EXPY, that is intended to capture the productivity content associated to the export vector of a country.
Then, somehow in the same spirit, we seek to shed some light on whether the Italian sectoral comparative advantages have evolved in line with the changes occurred in the income content of world trade, as captured by the dynamics of the PRODY index.
EXPY index for Italy
The EXPY index is a simple weighted sum of the PRODY indexes computed for all the products exported by country i, where the weights are the shares of each particular product in the overall exports of the country. Formally,
where T is a reference year in which P RODY l is computed, and taken fixed over the sample period, so that the intertemporal changes in EXPY result from how sectoral export shares The observed pattern is quite interesting. If one only looks to the overall trend, the conclusion would clearly be that Italy has performed well during the period considered. Indeed, the index has clearly increased over time, from around 8900 USD per capita in 1977, to around 9600 USD per capita in 2004, meaning that a virtuous redistribution of export shares seems to have occurred among the different sectors, with those characterized by higher productivity/income content bundle was moving towards the 'right' direction in the years before, the dynamics in the last part of the period seems suggesting that the pattern of specialization has recently become weaker in terms of implied income/productivity content. In the next section, we will see that looking at the co-evolution between the Italian specialization pattern and the dynamics of the PRODY indexes allows to shed some light on the how and why we observe such a break.
Dynamics of PRODY and the Italian specialization pattern
With the same goal of providing a synthetic assessment of the 'sophistication' of the Italian specialization pattern, in the following we propose a different way to exploit the information provided by the P RODY indexes. The basic idea is simply to consider the co-evolution of the sectoral Balassa-RCA indexes and the corresponding sectoral P RODY indexes in the three reference years.
In the three panels of Figure 6 , we plot, for 1980, 1990 and 2000 respectively, the value of the RCA index relative to each of the 777 sectors in our dataset against the value of the corresponding P RODY index, and run a non-parametric estimation of the relationship existing between the two variables. Were Italy mostly specialized in sectors with high PRODY, the fit would be positively sloped, meaning that sectors where Italy enjoys high (low) RCA are those where PRODY is also high (low). Clearly, this would be the preferred situation. Indeed, since high-PRODY products are exported by countries characterized by high per-capita income and thus high wages, it is very likely that these are sectors in which comparative advantages are determined by factors other than labor cost, such as for instance technology. Something more can be gained looking at the dynamics of some of the sectors reported in Table 7 . In sector 483 (Pasta and Similar Products) Italian RCA passed from 11.7 in 1980 to 14.7 in 2000, while the PRODY level associated with this sector has decreased from 7133 US 13 As mentioned in Section 2, Lall et al. (2006) propose this interpretation for their index of export sophistication, which is actually much similar to the PRODY and EXPY indexes by Hausmann et al. (2005) . 14 Nonetheless, note that, in all the three graphs, the variability band is larger for high levels of RCA, due to the presence of few observation in that area. Thus, also our interpretation is to be taken with caution. 
Conclusion and further research
This paper provided an empirical assessment of the 'sophistication'of the Italian specialization pattern and of its evolution during the last 25 years. We began exploring the inter-temporal dynamics of the PRODY index, a new index measuring sector's 'sophistication' recently proposed in Hausmann et al. (2005) . A first contribution of our paper was precisely to highlight some of the properties of this index and to gather novel empirical evidence on its evolution over time.
In particular, extending the work by Hausmann et al. (2005) , we have calculated the index for 1980, 1990 and 2000, and mapped the dynamics through these reference years. We found that the characteristics of a virtuous specialization pattern have changed with time and that, in some cases, what was worth exporting two decades ago it is less so now. This implies that each country, in order to gain from trade (and spur growth), is required to continually adapt to this changing environment. Second, we have proposed to look at the co-evolution of the PRODY index and the RCA index in order to evaluate whether the specialization pattern of a country is well directed or not.
We have applied this methodology to the analysis of the Italian 'anomaly'. On the one hand, we found that, consistently with previous studies, the Italian specialization pattern has been highly persistent over time. On the other hand, the evolution of the PRODY index in those sectors where Italy has been, and still is, highly specialized suggests that the contribution of export to growth has become weaker and weaker. Indeed, Italy is competitive and specialized in products that are loosing importance in terms of income/productivity content in world trade. Thus, while high persistence of the specialization pattern it is not a problem per se, our analysis shows that the worry about the Italian anomaly is justified by the fact that, while world trade is rapidly evolving, Italy is stuck with its old model which is now becoming wrong.
The present analysis could be extended in different directions. We sketch here some of them. In the present paper we computed RCA, and, consequently, the PRODY indeces, using overall world trade flows. But one could also consider some other meaningful benchmark, as and an obvious increase from zero to a positive number in the RCA of the entrant country C (∆RCA C,l > 0). Now define
and suppose that country C does enter with an RCA l relatively high with respect to the incumbents, so that
and, thereby, ∆S > 0. Ask now the question about under which circumstances the entry of country C will cause an increase in P RODY l . With some simple algebra one has that the inequality
is satisfied, given condition (11), whenever
or, alternatively, when
In words, the effect of a new country starting exporting in sector l on the PRODY index crucially depends on the income level of the countries involved: both condition (13) and condition (14) show that the probability of observing an inter-temporal increase in P RODY l is higher the more developed the entrant is, and the less developed the already exporting countries are.
Data description
Our trade data come from the UN Commodity Trade Statistics Database (COMTRADE). For each country present in the dataset for the period under consideration, it contains detailed yearly figures on the value of exports in 777 sectors (SITC Rev.2 classification, 4-digit) and aggregate data on the economy wide level of exports. To compute the Balassa-RCA index we also need, for each year, the time series about the value of world exports in each single sector and about the overall value of world exports. Both the series are also reported in COMTRADE. The major caveat concerns the number of countries included, which varies from year to year, for reasons going from simple non-reporting to processes of integration and disintegration, or changes of name, occurred in the period considered.
The same happens also with the Penn World Tables, from which we get the data about real per-capita GDP's. This fact represents a potential drawback since, as mentioned in the text, a careful construction of the PRODY index requires to follow an as large as possible and balanced panel of countries over the whole time span, so that obversed changes in the index result from actual trade and income dynamicsa, rather than simple lost of data in a particular year.
To cope with that, a first choice we made was to restrict the attention to three years (1980, 1990 and 2000) , as reference for inter-temporal comparisons. Then, one would be tempted to consider only those countries for which both trade and income data are available in these years, but one can actually do something better in order to fully exploit the trade data. To understand why, why this procedure just recall the definition of the index given in the text (see equation 1 above) and note that the weights assigned to each country per-capita GDP's, s i,l , are computed considering all the countries exporting good l in each year. Take, for instance, the hypothetical situation where only two countries, say the US and Bangladesh, export in sector l, and imagine to have income data for all the years only for the US. Note that this is likely to be the typical situation, since non-reporting rates, actually in both trade and income data, are usually much higher among low-medium income countries, especially at the beginning of the time period.
Further, suppose that Bangladesh, given its relatively un-differentiated export bundle, is highly specialized in export of commodity l, while the US have only a moderate RCA l , so that s i,l is very high for Bangladesh (say 0.9) and very low (0.1) for the US. Now, excluding Bangladesh tout court from the sample would assign a weight s i,l = 1 to the US, resulting in a value of P RODY l artificially high and equal to US per-capita income. We proceeded in two steps. First, we computed the s i,l using all the countries present in the COMTRADE dataset in each single reference year, no matter whether they were also included in the Penn World Tables, nor whether they were present in all the three years. 15 Only after that we worried about which sample of country to include in the computation of the sectoral PRODY indeces. Obviously, the most reasonable choice to keep inter-temporal comparability under control as much as possible was simply to use only the data relative to those countries for which figures on per-capita GDP were available in all of the three reference years. Whenever possible, we tried to "save" as many countries as we can, keeping track, in particular, of changes in the name and unification or disintegration processes: in the end, we were left with 90 countries.
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The dynamics of the PRODY index: a tale of four sectors
To offer additional understandings on how the PRODY indeces evolved over time, we proceed with a very simple investigation. In Table 8 
